Abstract. Silicon deposition on 3C-SiC seeds was studied as a function of seed orientations and thicknesses. The 3C-SiC seeds were grown on silicon substrates of (100), (110), (111) and (211) orientations by standard two-step CVD (low temperature carbonization followed by high temperature epitaxy). Then, the Si layers were grown onto these SiC seeds at various temperatures. Almost all the conditions gave polycrystalline deposit. At high deposition temperature (1350°C) the Si deposit was composed of separated hillocks and was never fully covering the 3C-SiC seeds. Lower deposition temperatures (≤ 1100°C) allowed obtaining silicon full coverage but not full epitaxy. Focusing on (100) orientation, it was shown that (100) Si deposit could be obtained but only on the as carbonized 3C-SiC sample, i.e. with the thinner SiC layer.
Introduction
The heteroepitaxial growth of 3C-SiC on Si is a well-known heteroepitaxial system which is still studied by many groups. But works on the reverse system, i.e. Si on 3C-SiC, are much scarcer despite the potentialities of such reverse stacking, such as 3C-SiC based Atomic Force Microscopy cantilever fabrication [1] or new Micro-Electro-Mechanical-Systems generation [2] . In this reverse heteroepitaxial system, the difficulties result not only from the 20% lattice mismatch between the two materials, but also from the absence of adequate buffer layer to accommodate this mismatch when growing Si on SiC. Nucleation is thus difficult, and it can lead to complex orientation relationship between the two materials such as Si[110]//SiC[100] with a columnar structure [3] , though Si[100]//SiC[100] relation was also reported [4] . Also, the conditions window (temperature, deposit thickness) for such epitaxy seems to be rather narrow and the Si deposit can easily turn to polycrystalline or columnar. Improvement of the epitaxial process could come from better understanding of the epitaxial relationship between Si and SiC, by varying for instance the SiC seed orientation. Also, the quality of the 3C-SiC seed (crystallinity, roughness) should play an important role on the nucleation and growth of Si. These parameters are studied in the present work in order to improve the Si layer quality.
Experimental
Experiments were performed in a homemade cold wall CVD reactor working at atmospheric pressure. RF heated SiC covered graphite susceptor was used as sample holder. The 3C-SiC seeds used in the present study consisted in 500 nm thick layers deposited on Si substrates using a standard two-step process (carbonization at 1165 °C followed by epitaxy at 1350°C using SiH 4 and C 3 H 8 , for more details see ref [5] ). Pieces of different Si substrate orientations, i.e. (100), (110), (111) and (211), were put together in the same 3C-SiC growth run in order to elaborate the different 3C-SiC seeds used in this work. These samples were taken out for layer characterization, then introduced again in the reactor for Si deposition which was performed in the temperature range of 950-1350°C. Prior to Si deposition, the 3C-SiC seeds were in situ etched 5 min under H 2 at 1000°C for oxide removal. The layer's morphology was characterized by scanning electron microscopy (SEM) while X-ray diffraction (XRD) was used for identifying the layer's orientations and crystallinity.
Results and Discussion
Before studying the Si deposition on the 3C-SiC seed layers, it is important to characterize these 3C-SiC seeds. The surface morphology of the 500 nm thick 3C-SiC layers, grown on the different oriented Si substrates, are shown in Fig. 1a . They all display a rather smooth morphology except for (110) Si orientation where the 3C-SiC layer looks polycrystalline. This is confirmed by the XRD spectra recorded on these layers (Fig. 1b) which show that for the (110) Si seed, SiC peaks with both (110) and (111) orientations are detected. For (100) and (111) seed orientations, only the 3C-SiC peaks with the same orientations as the seeds are obtained which indicate good epitaxial relation. The case of (211) seed is less clear since, despite a nice surface morphology with a step and terrace structure (suggesting crystalline 3C-SiC material), no signal from any SiC deposit can be detected by XRD. According to [6] , we believe that the 3C-SiC layer on (211) Si is single crystalline (either of (100) or (111) orientation) but with some important off-orientation so that it was not possible to detect any signal from the layer using a standard XRD ( -2) configuration. As a preliminary conclusion on 3C-SiC seeds study, the two-step growth process, which was optimized for (100) Si oriented substrate, can be applied to (111) and (211) Si orientations while some further optimization should be required for (110) one, for instance by tuning the C/Si ratio as suggested in [6] . Using these 3C-SiC seeds, the first attempt of Si deposition was performed with a 2.5 µm/h growth rate and a temperature of 1350°C, i.e. the same parameters as for SiC epitaxy. When looking at the surface morphology, a complete Si layer was never obtained in these conditions since the deposit systematically consisted in separated elongated hillocks composed of aggregates of crystallites (Fig. 2) . Such morphology was already reported for Si deposition on diamond at similar temperature [7] , implying the formation of a SiC interfacial layer between Si and diamond. Note that the same result is obtained when using 4H-SiC seed (not shown). This morphology seems to be an intrinsic feature of Si deposition on SiC at high temperature, no matter the nature of the SiC When growth temperature was reduced to 1100°C or below and the growth rate fixed at 0.8 µm/h, the 500 nm thick Si deposit was this time a complete film (not shown). Hence, change in morphology type from hillocks to complete film seems to occur between 1100 and 1350°C. But, as deduced from XRD spectra and despite the better layer homogeneity at lower temperatures, layers were mostly polycrystalline with the simultaneous occurrence of (111), (110), (100) and (311) orientations. Some attempts were done by starting the Si deposition at 1000°C then increasing the temperature to 1350°C but again it ended with separated hillocks like in Fig. 2 . As a matter of fact, this too high Si temperature growth provokes dewetting of the Si film into separated features. One needs thus to keep always at a low temperature regime for having a full covering layer.
Since it is known that the crystalline quality of 3C-SiC grown on silicon improves with increasing film thickness [8] , one can check the effect of the 3C-SiC seed quality on the Si deposition by simply playing on the 3C-SiC seed thickness. This was performed using three different (100) oriented 3C-SiC materials: 1) as carbonized Si substrate (SiC ~2-3 nm), 2) 500 nm thick 3C-SiC on Si substrate and c) bulk 3C-SiC substrate from Hoya company. After depositing the Si layer at 950°C with a growth rate of 0.8 µm/h on the three listed SiC seeds during the same run, the results were quite surprising. Indeed, only the carbonized sample, i.e. the one with the thinner but more defective 3C-SiC seed, allowed eliminating the non-(100) peaks in the XRD spectrum which thus suggests Si(100) heteroepitaxy (Fig. 3) . This is in fact similar to the results of ref. [4] where the Si[100]//SiC[100] epitaxial relation is obtained starting with a very thin (35 nm) 3C-SiC seed. Hence, we speculate that the presence of a high density of crystalline defects in the 3C-SiC seed may help accommodating the high lattice mismatch with Si. The effect of 3C-SiC surface roughness or reconstruction may also play a role in preserving the (100) orientation in the Si layer. 
Summary
The epitaxial growth of Si on crystalline 3C-SiC is very difficult to achieve. The deposit easily turns to polycrystalline independently of seed orientation or growth temperature. High temperatures (> ~ 1100°C) have to be avoided to prevent Si film dewetting. Surprisingly, the only type of 3C-SiC seed which allowed obtaining Si epitaxy was as-carbonized Si(100) substrate. More work remains to be done for fully optimizing the Si film epitaxy on 3C-SiC substrate.
